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Abstract

Background Dialysis and kidney transplant patients with moderate-severe COVID-19 have a high mortality rate, around 30%,
that is similar in the two populations, despite differences in their baseline characteristics. In these groups, the immunology
of the disease has been poorly explored.

Methods Thirty-two patients on dialysis or with kidney transplant and SARS-CoV-2 infection requiring hospitalization
(COV group) were included in our study. Lymphocyte subsets, dendritic cell (DC) counts and monocyte activation were
studied. SARS-CoV-2 anti-spike/anti-nucleocapsid were monitored, and baseline cytokines and chemokines were measured
in 10 patients.

Results The COV group, compared to healthy subjects and uninfected dialysis/kidney transplant controls, showed lower
numbers of CD4+and CD8+T cells, Natural-Killer (NK), B cells, plasmacytoid and myeloid DCs, while the proportion
of terminally differentiated B-cells was increased. IL6, IL10, IFN-a and chemokines involved in monocyte and neutrophil
recruitment were higher in the COV group, compared to uninfected dialysis/kidney transplant controls.

Patients with severe disease had lower CD4 +, CD8 + and B-cell counts and lower monocyte HLA-DR expression. Of note,
when comparing dialysis and kidney transplant patients with COVID-19, the latter group presented lower NK and pDC
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counts and monocyte HLA-DR expression. Up to 60 days after symptom onset, kidney transplant recipients showed lower

levels of anti-spike antibodies compared to dialysis patients.

Conclusions During SARS-CoV-2 infection, dialysis and kidney transplant patients manifest immunophenotype abnormali-
ties; these are similar in the two groups, however kidney transplant recipients show more profound alterations of the innate

immune system and lower anti-spike antibody response.

Graphical abstract

SARS-CoV-2 INFECTION IN DIALYSIS AND KIDNEY TRANSPLANT PATIENTS: IMMUNOLOGICAL AND SEROLOGICAL RESPONSE
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Introduction

SARS-CoV-2 infection is a medical emergency posing chal-
lenges worldwide. Prognostic factors for poor outcome from
acute coronavirus 2019 disease (COVID-19) in the general
population include age and comorbidities, such as hyperten-
sion and diabetes [1]. Several biomarkers of COVID-19 as
well as of its severity have been identified [2-5], including
elevation in neutrophil and monocyte counts, lymphope-
nia, CD4 + and CD8 + T cell reduction as well as relative
increase in activated CD4 +and CD8 + T cells. Despite con-
flicting reports on circulating B cells in COVID-19 [6, 7],
the production of specific antibodies has been consistently
documented as early as 7-14 days from the onset of symp-
toms [6, 8]. Other biomarkers of disease severity in patients
with COVID-19 include elevated levels of IL6, IL8, IFN-a,
IL18, CXCL10, IL10 and TNF-a [9—-11] and a severe reduc-
tion of circulating plasmacytoid dendritic cells (pDCs) [12].

@ Springer

Despite their intrinsically higher frailty, dialysis and kid-
ney transplant patients show variable clinical course and
outcomes of SARS-CoV-2 infection, ranging from asympto-
matic to aggressive forms [13, 14]. Overall, the fatality rate
is similar in both groups (around 30%) and higher compared
to age-matched patients in the general population, support-
ing the idea that chronic kidney disease acts as a shared risk
factor for severe COVID-19 [13-17].

Patients on dialysis and those with kidney transplant are
well known to have abnormalities in the innate and adap-
tive immune system [18]. During end-stage renal disease
(ESRD), the thymus undergoes involution, leading to naive
T cell lymphopenia and expansion of highly differenti-
ated effector T cells [19]; of note, these abnormalities per-
sist even after kidney transplant [20]. Some studies have
reported that B cell lymphopenia can also occur in this
context [21], especially of memory B cells [22]. Moreover,
lower numbers of circulating natural-killer (NK) and den-
dritic cells (DCs), and reduced effector T-cell response, all
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implicated in the immune response against viruses, have also
been described [18]. Based on these studies, it has been esti-
mated that patients with ESRD have an immunological age
that is approximately 20 years older than their chronological
age [19].

Data on lymphocyte subsets in COVID-19 in ESRD
and kidney transplant patients are scanty. One small study
reported the immunological features of 7 hemodialysis
patients affected by COVID-19. In this population, the
percentage of activated T-cells (CD3 + HLA-DR +) was
increased; moreover, lower levels of NK cells were observed
in both hemodialysis and non-hemodialysis patients with
COVID-19 compared to healthy controls [23]. A correlation
between the degree of lymphopenia and COVID-19 sever-
ity and outcome has been described in kidney transplant
recipients [13]. Furthermore, a study in 18 kidney transplant
recipients with COVID-19 revealed an increased propor-
tion of activated B cells and reduced numbers of memory
CD4 + and CDS8 + T-cells, but no differences in exhausted
CD4 +and CD8 +T cells, compared to kidney transplant
controls without COVID-19 [24].

We therefore aimed to examine the immunophenotype of
dialysis and kidney transplant patients with SARS-CoV-2
infection requiring hospital admission, and to identify
immunological abnormalities that may serve as biomarkers
and possible predictors of disease severity in this context.
Furthermore, we looked for possible differences between
dialysis and kidney transplant patients by comparing their
immunophenotyping features at the time of admission for
COVID-19. Finally, in order to improve our understand-
ing of the immunological changes during COVID-19 in
these patients, we also measured plasma levels of soluble
biomarkers and of SARS-CoV-2-specific antibodies during
follow-up.

Patients and methods

We studied 32 patients on dialysis (n=17) or recipients of
kidney transplant (n=15) with COVID-19 (COV cohort)
who were admitted to Spedali Civili di Brescia Hospital
from March 18 to May 22, 2020. The diagnosis of SARS-
CoV-2 infection (COV cohort) was based on a positive
reverse transcription polymerase chain reaction test (RT-
PCR) on nasopharyngeal swab. Twelve -age-matched dial-
ysis or kidney transplant recipients without SARS-CoV-2
infection, and 10 healthy adults (mean age 38 years, range
27-55) were included as pathological controls (PCs) and
healthy controls (HCs), respectively. COV patients were fur-
ther categorized into patients with a benign disease course
(PosCOV), who did not die nor develop ARDS (defined as
per the Berlin criteria [25]), and patients with an aggressive

disease course (NegCOV), who developed ARDS and/or
died.

Patients were treated according to the protocol in use at
our center during the first wave of COVID-19 [26]. Briefly,
antiviral therapy with lopinavir/ritonavir associated with
hydroxychloroquine (dose-adjusted according to kidney
function) was considered for all patients, unless contraindi-
cated. Patients received this combination therapy for a mini-
mum of 7 days and up to a maximum of 15 days. In case of
shortage of lopinavir/ritonavir, darunavir and ritonavir were
administered. Patients experiencing clinical deterioration
after at least 7 days following symptom onset, with escalat-
ing oxygen requirements, progression of pulmonary disease
based on chest X-ray, and no signs of bacterial infection,
were considered for dexamethasone (20 mg/daily for 5 days,
then 10 mg/daily for 5 days) and up to two tocilizumab infu-
sions at 12-24 h intervals (8 mg/kg of body weight, maxi-
mum dose per infusion: 800 mg).

Blood samples were collected from all patients at
baseline (within up to 2 days after admission) in order to
perform immunophenotyping. In hemodialysis patients,
samples were collected before the first dialysis session per-
formed during admission. For a subgroup of 13 patients,
at least one further longitudinal sample for immunopheno-
typing was collected. Plasma levels of soluble inflamma-
tory mediators were measured at baseline in 10 patients.
Both the analyses mentioned above were performed in
selected sub-cohorts of patients, that were balanced by
design in terms of number of dialysis/kidney transplant
patients, as well as disease severity (PosCov/NegCov).

Levels of anti-spike (anti-S) and anti-nucleocapsid
(anti-N) IgG antibodies were measured in all patients at
baseline and monitored for up to 2 months from symptom
onset.

Ethical approval (protocol NP 4027, date 03/23/2020) for
this study was obtained according to Italian regulations; all
patients signed informed consent.

Flow cytometric analysis of lymphocyte subsets,
monocytes and dendritic cells

Flow cytometric analyses were all performed on fresh
peripheral whole blood samples of patients and controls;
cells were stained according to the manufacturer’s proto-
cols by using appropriate mixtures of monoclonal antibodies
(MoAbs; all from BD Bioscience).

A combination of monoclonal antibodies (MoAbs)
directed against CD3 (UCHT1), CD4 (RPA-T4), CD8 (SK1),
CD16 (3G8), CD56 (NCAM16.2), CD19 (SJ25C1), HLA-
DR (G46-6), and CD45 (2D1) was used for quantification of
the main lymphocyte populations: CD3 + total lymphocytes,
CD3 + CD4 + helper and CD3 + CD8 + cytotoxic T cells,
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CD4 + HLA-DR + and CD8 + HLA-DR + activated T cells,
CD19+ B lymphocytes, and CD3-CD56/16+ NK cells.

A combination of MoAbs directed against CD45RA
(HI100), CCR7 (150,503), CXCRS5 (RF8B2), CD31
(WM59), CD3 (UCHT1), CD4 (RPA-T4), and CD8 (SK1)
was used to evaluate T-lymphocyte subsets: CD4 4+ CD45
RA + CCR7+CD31 +recent thymic emigrants, CD4 + and

CD8 + CD45RA + CCR7 + naive cells, CD4 + and
CD8 + CD45RA + CCR7- terminally differentiated cells,
and CD4 + CD45RA-CCR7 4+ CXCRS +follicular T cells.
A combination of MoAbs directed against CD10
(HI10a), CD19 (SJ25C1), CD20 (L27), CD21 (B-ly4),
CD27 (L128), slgD (1A6-2), sIgM (G20-127), and CD38
(HIT2) was used to evaluate B lymphocyte subsets:

Table 1 Baseline clinical
characteristics in 32 dialysis and
kidney transplant patients with
SARS-CoV-2 infection

PosCOV [13] NegCOV [19] P
Characteristics

Age (years) 57 (48-73) 73 (60-83) 0.035
Male/female 13/0 13/6 0.035
Dialysis/Kidney transplant patients 5/8 12/7 0.280
Comorbidities

Hypertension 12/13 16/18 0.766

Diabetes 3/13 6/18 0.826

Obesity 2/13 6/18 0.477
Symptoms at onset

Temperature 9/13 18/19 0.132

Cough 7/13 2/19 0.015

Shortness of breath 3/13 6/19 0.704
Baseline Chest X-Ray

No infiltrates 0/13 1/15 1

Unilateral infiltrates 1/13 1/15 1

Bilateral infiltrates 12/13 13/15 1
WBC (NV 4.00-10.80 % 1073/uL) 7.045 (4.35-7.61) 6.240 (3.93-8.49) 0.668
Lymphocytes (NV 0.90—4.00 x 1073/pL) 0.74 (0.51-1.4) 0.43 (0.36-1.02) 0.026
Neutrophils (NV 1.50-8.00x 1073/pL) 5.04 (2.93-6.34) 4.89 (3.06-7.75) 0.451
Monocytes (NV 0.2—-1 x 1073/pL) 0.57 (0.50-0.67) 0.41 (0.30-0.47) 0.003
Creatinine (mg/dL)* 1.8 (1.3-3.8) 3.3 (1.6-6.1) 0.209
CRP (NV <5.0 mg/L) 49 (37-108) 113 (46-1023) 0.173
D-Dimer (NV 0-232 ng/mL) 360 (219-679) 454 (233-1192) 0.538
Ferritin (ug/L) 781 (299-874) 412 (201-1023) 0.473
Fibrinogen (mg/dL) 614 (416-747) 492 (384-643) 0.220

Kidney transplant patients

Age of transplantation (years) 10.0 (2.0-18.0) 8.5 (4.3-20.0) 0.731
Induction regimen

Thymoglobuline 3/8 3/7 0.681

Basiliximab 2/8 3/7 0.464

Alemtuzumab 1/8 177 0.509
Baseline immunosuppression

CNI 8/8 6/7 0.467

mTOR-I 2/8 0/7 0.467

MMF 5/8 6/7 0.569

Glucocorticoids 7/8 11 1
Basal creatinine (mg/dL) 1.0 (1.0-1.8) 2.5 (1-3.8) 0.097

Patients were stratified according to the evolution of COVID-19 in a group with positive outcome (Pos-
COV, patients that did not die or develop ARDS) and in a group with negative outcome (NegCOYV, patients
that died or developed ARDS). Data are reported as number for categorical variables and median (inter-
quartile range) for continuous variables

HD hemodialysis, PD peritoneal dialysis, WBC white blood cells, NV normal value, CRP c-reactive protein

*Reported only for kidney transplant patients
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Table2 Management of SARS-CoV-2 infection in 32 dialysis and
kidney transplant patients

Characteristics Positive Negative  p
outcome  outcome
[13] [19]
Patients on HD or PD 5 12 0.280
COVID-19 management
Dexamethasone 2/5 8/12 0.593
Tocilizumab 0/5 1/12 1
Hydroxychloroquine 5/5 11/12 1
Antivirals* 5/5 12/12 1
Antibiotics 5/5 12/12 1
Kidney transplant patients 8 7 0.280
Immunosuppression management
MMF, mTOR-I, CNI withdrawal  8/8 717 1
Glucocorticoids introduction or /8 8/8 1
increase
COVID-19 Management
Dexamethasone 1/8 4/7 0.12
Tocilizumab 0/8 4/7 0.026
Hydroxychloroquine 8/8 777 1
Antivirals* 8/8 711 1
Antibiotics 4/8 5/7 0.608

Patients were stratified according to the evolution of COVID-19 in
a group with positive outcome (PosCOV, patients that did not die or
develop ARDS) and in a group with negative outcome (NegCOV,
patients that died or developed ARDS). Data are reported as number
for categorical variables and median (interquartile range) for continu-
ous variables

HD hemodialysis, PD peritoneal dialysis, CNI calcineurin inhibitors,
mTOR-I mammalian target of rapamycin inhibitors, MMF mycophe-
nolate mofetil

*Lopinavir/ritonavir, darunavir and ritonavir

CD19+ CD20-CD27-IgD + naive B cells, CD19 + CD20-
CD27 + CD38hi terminally differentiated cells,
CD19+CD20+CD10-CD21+CD27 +1gD +IgM +IgM
memory cells, and CD19 + CD20 + CD10-
CD21+CD27 + IgD-IgM- switched memory cells.

A combination of MoAbs directed against CD45 (2D1),
CD4 (RPA-T4), CD20 (L27), CD14 M@9), CD123 (7G3),
CD303 (V24-785), CDlc (F10/21A3), and HLA-DR
(G46-6) was used for the quantification of CD45dimCD-
4dimCD123 + CD303 + plasmacytoid dendritic cells,
and CD45dimCD4dimCD20-CD1c + myeloid dendritic
cells, and for the evaluation of HLA-DR expression on
CD45 +CD14 + CD4dim monocytes.

Stained samples were acquired on a Canto II (BD Bio-
science) flow cytometer and analyzed using DIVA soft-
ware version 8.0.2.

Analysis of soluble inflammatory mediators

Plasma levels of CXCL10 (IP-10), CXCL8 (IL8), CXCL9
(MIG), CCL5 (RANTES) and CCL2 (MCP-1) were ana-
lyzed by a flow cytometric bead array method, using the
Human Chemokine Kit (Becton Dickinson, San Jose CA),
following the manufacturer's instructions. Levels of IL18,
IL2, IL4, ILS, IL6, IL10, TNF-a, IL17A, IFN-a and IFN-y
were measured by the Flex set custom cytometric bead
array technique (Becton Dickinson). Data were acquired
on BD FACSCanto II flow-cytometer and analyzed by
FCAP v3 software.

Anti-SARS-CoV-2 IgG antibodies

IgG antibodies to SARS-CoV-2 Spike (S) and Nucle-
ocapside (N) proteins were measured by a highly sensi-
tive luciferase immunoprecipitation system (LIPS) assay,
as described elsewhere [8]. Cutoff limits for determining
positive S and N antibodies were based on the mean plus 3
and 4 standard deviations (SDs), respectively, of the serum
values derived from 32 uninfected blood donor controls,
and corresponded to 45,000 and 125,000 Light Units (LU),
respectively.

Statistical analyses

Statistical analysis was performed using R software (https://
www.rproject.org) and GraphPad Prism 9. Results are
expressed as the number and percentage for categorical vari-
ables and the median (interquartile range [IQR]) for con-
tinuous variables. Changes in variables were compared by
unpaired or paired ¢-test, Wilcoxon test or Mann—Whitney
test as appropriate; proportions of patients were compared
using Fisher’s test. Longitudinal changes in immunopheno-
typing parameters were analyzed fitting linear mixed mod-
els using the R package ImerTest [27]. Model predictors
included time, COVID-19 outcome group and their interac-
tion term as fixed effects, and patient ID as random effect.
Longitudinal changes in anti-SARS-CoV-2 antibodies were
also analyzed using linear mixed models with quadratic
time trend, patient subgroup (dialysis/kidney transplant) and
COVID-19 outcome group as fixed effects, and patient ID
as random effect. Non-normally distributed variables were
log transformed before fitting the models. p <0.05 (2-tailed)
were considered significant.
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Fig. 1 Major lymphocyte subset and dendritic cell counts, and mono-
cyte HLA-DR expression at baseline. Comparisons are made across
five groups: healthy controls (HC), pathological controls on dialysis
or with kidney transplant without SARS-CoV-2 infection (PC), the
overall dialysis and kidney transplant population with SARS-CoV-2
infection (COV), the subgroup with SARS-CoV-2 infection and
positive outcome (PosCOV) and the subgroup with SARS-CoV-2

Results
Study population

The main characteristics of the study population and
management of SARS-CoV-2 infection are summarized
in Tables 1, 2 and Supplementary Table 1. In brief, we
included 17 dialysis patients (14 on hemodialysis and 3
on peritoneal dialysis) and 15 kidney transplant recipi-
ents, among whom 14 were on calcineurin inhibitors, 11
on mycophenolate mofetil and 13 on low dose glucocor-
ticoids as baseline immunosuppression. Nineteen of the
32 patients (59%) died or developed ARDS (NegCOV
group). The 13 patients (41%) who developed ARDS were
equally distributed among the dialysis group and the kid-
ney transplant group (6 vs. 7). Ten patients (31%) died,
most of whom belonged to the dialysis group (8 vs. 2).
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MFI mean fluorescence intensity, pDC plasmacytoid dendritic cells,
mDC myeloid dendritic cells. *p<0.05, **p<0.01, ***p<0.001,
*Hx%p <0.0001

NegCOV patients were older and showed lower lympho-
cyte and monocyte counts, compared to patients with a
benign disease course (PosCOV group); a trend towards
higher creatinine levels was also documented within the
transplanted patients of the NegCOV group. Within the
dialysis group, three patients were on peritoneal dialysis
(PD). PD patients were younger than the other patients
with COVID-19, and none of them developed ARDS or
died (Supplementary Table 1).

Flow cytometric analysis

Immunophenotypic analysis at baseline revealed that the
PC group showed, on average, lower numbers of all major
lymphocyte and DC subsets compared to the HC group
(Fig. 1). These cell counts were further reduced in the
COV group. NegCOV patients displayed significantly
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lower counts of CD3+, CD4 +, CD8 + and B cells com-
pared to the PosCOV and PC groups. The number of NK,
pDCs and mDCs were also significantly reduced in COV
patients compared to the control groups, but no statisti-
cally significant differences were observed between levels
in the PosCOV and NegCOV groups.

We also quantified monocyte HLA-DR expression,
which was previously found to be markedly reduced in
severe COVID-19 [12, 28, 29]. Our data confirmed a sig-
nificant reduction in HLA-DR expression (measured as
mean fluorescence intensity, [MFI]) in patients with a
more aggressive disease course (NegCOV), compared to
all other groups (Fig. 1).

All these immunophenotypic changes remained similar
even after stratification of the overall population in the
dialysis and kidney transplant subgroups (Supplementary
Figs. 1 and 2). Notably, within the dialysis group, no sig-
nificant differences were detected between hemodialysis
and peritoneal dialysis patients, albeit in the context of
very low statistical power due to small sample size, espe-
cially for the peritoneal dialysis group (Supplementary
Fig. 3).

The proportion of CD4+and CD8 + T lymphocytes
expressing HLA-DR was significantly increased in COV
patients compared to the HC group, but values were similar
to those observed in PCs (Fig. 2), indicating that SARS-
CoV-2 infection did not significantly change the activation
status of circulating T lymphocytes, at least in the setting
of our dialysis and kidney transplant cohorts assessed at a
time point close to symptom onset. Likewise, COV patients
displayed a distribution of CD8 + T-cell subsets (naive,
central memory, effector memory, terminally differentiated
CD8+T cells) that was comparable to what was observed
in the PC group (Fig. 2), despite being significantly more
skewed towards terminally differentiated cells than in HCs.
A similar pattern was observed for CD4 + T-cell subsets,
that had overall similar distributions in the PC and COV
groups (with only a statistically significant lower proportion
of effector memory CD4 +cells in COV), while the most
marked differences were found when comparing HCs and
PCs. No differences were detected between COV patients
and HC and PC groups, also with regard to follicular helper
T-cells (Fig. 2).

Conversely, striking differences in cell proportions were
found in the B-cell compartment, with a marked increase in
terminally differentiated cells in COV patients, irrespective
of COVID-19 severity, compared to the PC group, and, even
more markedly, to the HC group. The increase in termi-
nally differentiated cells resulted in a reduced proportion of
memory cells in the COV group compared to both PC and
HC control groups.

Comparison of immunophenotyping characteristics
between dialysis and kidney transplant patients
and longitudinal analysis

Comparison of immunophenotyping at baseline between the
dialysis and the kidney transplant groups is shown in Fig. 3
and Supplementary Fig. 4. Lower NK and pDC counts,
as well as lower levels of monocyte HLA-DR expression
were detected in the kidney transplant group, both in the
overall cohort and in the NegCOV subgroup. Furthermore,
transplant recipients showed higher proportions of switched
memory B cells.

For a subset of 13 patients, immunophenotyping was per-
formed at two or more time points (Fig. 4). This analysis
included 4 dialysis patients (2 PosCov and 2 NegCov) and
9 kidney transplant recipients (5 PosCov and 4 NegCov).
All the main immune cell populations, as well as monocyte
HLA-DR expression, showed a trend to recover over time
towards the levels observed in PCs. When comparing tempo-
ral trends between NegCOV and PosCOV patients, the rate
of recovery appeared higher in the NegCOV group, that had
more pronounced cytopenias at baseline, for all parameters
except NK cell count. However, none of these comparisons
reached statistical significance (Fig. 4).

Levels of soluble inflammatory mediators

Plasma levels of several cytokines and chemokines were
measured at baseline in 10 COV patients (Fig. 5 and Sup-
plementary Fig. 5) and in 7 PCs. The analysis included 4
dialysis patients (2 PosCov and 2 NegCov) and 6 kidney
transplant recipients (3 PosCov and 3 NegCov). The COV
group showed higher levels of CXCL10, CCL2, IL10, IL6,
CXCLS, and IFN-a, as compared to PCs; these differences
were statistically significant for all except IL10 and IL6.
For all these cytokines and chemokines, a consistently
higher trend was observed in patients with more severe
disease (NegCOV). No noticeable changes in the levels of
CXCL9, CCLS, TNF-a, IL17A, IL4, IL16, ILS and IL12
were detected.

SARS-CoV-2 serology

Levels of anti-S antibodies were higher in the dialysis popu-
lation compared to kidney transplant recipients for up to
60 days from symptom onset (p =0.047); the trend was
maintained even after adjusting the model for disease sever-
ity (p=0.052) (Fig. 6). Anti-N antibodies tended to be lower
in kidney transplant recipients as well, although this did not
reach statistical significance (p =0.143) (Fig. 6).
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«Fig.2 Lymphocyte subpopulation distribution at baseline. Com-
parisons are made across five groups: healthy controls (HC), controls
on dialysis or with kidney transplant without SARS-CoV-2 infec-
tion (PC), the overall dialysis and kidney transplant population with
SARS-CoV-2 infection (COV), the subgroup with SARS-CoV-2
infection and positive outcome (PosCOV) and the subgroup with
SARS-CoV-2 infection and negative outcome (NegCOV). The lines
inside the boxes represent the median level, the edge of the boxes
the 25th—75th percentiles, the whiskers the minimum and maximal
values. RTE recent thymic emigrants, Centr. Mem. central memory,
Eff. Mem effector memory, Term. Diff. terminally differentiated, Tfh
follicular helper T-cells, IgM Mem. IgM Memory B-cells, Sw. Mem.
switched memory B-cells
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Fig.3 Comparison of immunophenotyping features at baseline
between dialysis and kidney transplant patients with SARS-CoV-2
infection. The lines inside the boxes represent the median level, the
edge of the boxes the 25th-75th percentiles, the whiskers the mini-
mum and maximal values. The grey area includes patients belong-

Discussion

Infection with SARS-CoV-2 can lead to a wide spectrum of
clinical phenotypes and outcomes, ranging from asympto-
matic infection to life-threatening disease with multi-organ
failure. Individual differences in immune response are
emerging as key factors in modulating disease severity [30].
Patients on dialysis, and kidney transplant recipients, are at
higher risk of severe COVID-19 [31], and a delayed viral
clearance has been observed in these patients as well [32].
Of interest, in these groups of frail patients, baseline clini-
cal characteristics cannot effectively predict the evolution of
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ing to the PosCOV group. RRT renal replacement therapy, 7X kidney
transplant, MFI mean fluorescence intensity, pDC plasmacytoid den-
dritic cells, mDC myeloid dendritic cells, IgM Mem. 1gM Memory
B-cells, Sw. Mem. switched memory B-cells, Term. Diff. terminally
differentiated. *p <0.05
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linear mixed models. Dots represent individual data points, with grey
dotted lines connecting observations from the same patients. Regres-
sion lines show trends for COVID-19 patients with positive (PosCOV,
blue) or negative outcome (NegCOV,red); ribbons indicate 95% con-

SARS-CoV-2 infection: in the cohort presented in this study
the proportion of patients with bilateral infiltrates at chest
X-ray and shortness of breath was similar in the PosCOV
and NegCOV groups, with high temperature more often
detected in the latter group (although the difference was not
statistically significant) and cough reported less frequently
in the same subgroup. While the reasons for this are unclear,
the dissociation between baseline characteristics and disease
evolution has already been described in cohorts of kidney
transplant and hemodialysis patients [15, 16], further rein-
forcing the need for biomarker discovery in this context.

However, these groups are usually underrepresented in
terms of biomarker and prospective interventional studies.
Moreover, data on changes in lymphocyte subsets during
SARS-CoV-2 infection occurring in dialysis and kidney
transplant patients are scanty, with only two small cohorts
published so far [23, 24] that included 7 and 18 patients,
respectively.

@ Springer

fidence intervals. The reported p-values refer to the statistical sig-
nificance of the interaction term between outcome group (PosCOV/
NegCOV) and time (days from onset of COVID-19 symptoms). MFI
mean fluorescence intensity. The analysis included 4 dialysis patients
(2 PosCov and 2 NegCov) and 9 kidney transplant patients (5 PosCov
and 4 NegCov)

In this manuscript, we have focused on several aspects
of the immunology of SARS-CoV-2 infection in kidney
transplant and dialysis patients. We demonstrated that these
groups have significant pre-existing alterations of innate
and adaptive immunity, that are further amplified by SARS-
CoV-2 infection. We also observed that dialysis and kidney
transplant patients have overlapping immunophenotyping
characteristics, with more evident innate immune defects in
kidney transplant recipients.

Our data showed that the immunological profile of
patients with kidney disease without COVID-19 (PCs) is
indeed significantly different from that of healthy controls,
thus reinforcing the importance of including an appropri-
ate control group in the study design to inform a proper
interpretation of the results. Uninfected patients with kidney
disease displayed reduced counts of all the main circulating
lymphocyte populations and of pDCs. Marked differences
were observed also within lymphocyte subsets, with a higher



Journal of Nephrology (2022) 35:745-759 755
CXCL10 CCL2 IL-10
*%k -
10000 ¥ 50004 = I 80 | ¥ I
I_I |— I 1
i 4000- [ -
8000 6
— - 3000
= 6000
=y 40+
2 4000 2000
2000 ﬂ 1000 20+ E
& ;
0 T T T T 0- K 0'
(¢) Y Ry R (&) R} XY () 3 KY XY
¥ 0O e’(‘,o ro’ R O 900 Q’O R’ O (’oo <§’°
O ¢ QO ¥ © ¥
IL-6 IFN-a
L * ]
1500 400 100 | 1
300
1000
E
= 200-
Q.
500

100

Fig.5 Cytokines and chemokines at baseline in a subset of 10 dial-
ysis and kidney transplant patients with SARS-CoV-2 infection and
7 pathological controls. Comparisons are made across four groups:
controls on dialysis or with kidney transplant without SARS-CoV-2
infection (PC), the overall dialysis and kidney transplant population
with SARS-CoV-2 infection (COV), the subgroup with SARS-CoV-2

proportion of terminally differentiated lymphocytes in both
the T and B cell compartments and a higher percentage of
activated HLA-DR + T lymphocytes in patients with kidney
disease.

A limitation of our study is that the HC group was not
age-matched to the PC group, being on average younger.
Despite that, our observations are in line with previous stud-
ies, that also reported an immune signature of lymphope-
nia with decreased thymic output, increased chronic T-cell
activation and reduced numbers of pDCs in both dialysis
patients and transplant recipients [18]. These immunological
changes closely resemble those of healthy elderly individu-
als [19], suggesting that accelerated immune senescence in
renal patients may contribute to the increased risk of severe
COVID-19 in patients with kidney disease, although pro-
spective data are needed to definitely prove this hypothesis.
Recent studies identified genetic and immune-mediated

infection and positive outcome (PosCOV) and the subgroup with
SARS-CoV-2 infection and negative outcome (NegCOV). The lines
inside the boxes represent the median level, the edge of the boxes the
25th-75th percentiles, the whiskers the minimum and maximal val-
ues. The analysis included 4 dialysis patients (2 PosCov and 2 Neg-
Cov) and 6 kidney transplant patients (3 PosCov and 3 NegCov)

defects in the type I interferon pathway as crucial factors
predisposing to severe COVID-19 [33, 34]. pDCs are the
main cellular sources of type I interferons, which play a
key role in orchestrating the initial immune response to
viral infections. It is therefore tempting to speculate that
the reduced number of pDCs observed in immune aging
may be a particularly important modifier of disease sever-
ity in COVID-19, both in the general old population and in
patients with kidney disease.

Importantly, in addition to these alterations of the immune
landscape that characterize patients with kidney disease,
those who developed SARS-CoV-2 infection (COV group)
showed further reductions in the counts of all lymphocyte
subsets, pDCs and mDCs. The cellular composition of the
CD4 +and CD8 + T lymphocyte compartments remained
substantially stable during the course of COVID-19, while
a pronounced increase in the proportion of terminally
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Fig.6 Anti-spike and anti-
nucleocapsid protein antibodies
over time in 32 dialysis and
kidney transplant patients with
SARS-CoV-2 infection. Regres-
sion lines with 95% confidence
intervals from linear mixed
models with quadratic time
trend for anti-S (top row) and
anti-N (bottom row) antibody
levels in the first 60 days fol-
lowing onset of COVID-19
symptoms. The comparison
between dialysis (green line)
and kidney transplant (violet
line), adjusted for COVID-19
severity, is showed in the left
panel (p values in the top right
corner). The right panel shows
the comparison between Pos-
COV (blue line) and NegCov
(red line), adjusted for dialysis/
transplant status. Individual
observations are showed as dots,
with grey dotted lines connect-
ing data points from the same
patients. Antibody levels are
expressed as log2 transformed
light units (LU). The horizontal
dashed line represents the cutoff
for seroconversion. Anti-S anti-
spike protein antibodies, Anti-N
anti-nucleocapsid protein
antibodies

log2(anti-S LU)

log2(anti-N LU)

differentiated cells was observed in the B cell compartment.
These changes largely reflect previous observations made
in the general population with moderate-severe COVID-19,
in terms of both lymphopenia and reduction of circulating
DCs, as well as a strong drive on B-cell differentiation [5,
6, 8]. Unlike reports in the general population [5, 12], we
found that the proportion of activated T-cells, despite being
increased at baseline in renal patients, did not undergo a fur-
ther increase in patients with COVID-19, at least in the first
days after the onset of symptoms. We may therefore hypoth-
esize that impaired activation of T cells after SARS-CoV-2
infection, along with chronic abnormal immune stimulation,
may further contribute to severe outcome of COVID-19 in
patients with kidney disease.

To the best of our knowledge, our study is the first to com-
pare the immunological profile between dialysis and kidney
transplant patients during a viral infection. Our data indi-
cate that these groups have a similar distribution of lympho-
cyte subsets, with few important exceptions. In particular,
kidney transplant recipients in the NegCOV group showed
lower numbers of NK and pDCs and reduced monocyte
HLA-DR expression, when compared to the same group on
dialysis. These findings are suggestive of a more profound
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depression of innate immunity in the NegCOV group with
kidney transplant. Immunosuppression may play a role in
this: it has been described that calcineurin inhibitors (CNIs)
suppress toll-like receptor-dependent activation of mono-
cytes/macrophages [35], and also inhibit NK proliferation
[36]. Similarly, mycophenolate mofetil (MMF) may hinder
monocyte activation [37, 38], as well as NK proliferation
and cytotoxicity [39].

The second difference consists of a higher proportion of
switched memory B-cells, in the context of a trend towards
a lower proportion of naive CD19 + B-cells and a higher
percentage of terminally differentiated B-cells in kidney
transplant recipients belonging to the NegCOV group.
This finding should be interpreted cautiously, especially in
the context of the observation of lower levels of antibod-
ies directed against SARS-CoV-2 in transplant recipients,
compared to the dialysis group. If confirmed, these appar-
ently contradictory observations may raise the possibility
that immunosuppression in transplant recipients interferes
with the late stages of B cell differentiation and IgG secre-
tion. In particular, as supported by in vitro experimental
evidence [40] this may be the case with glucocorticoids, to
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which patients in the kidney transplant cohort were chroni-
cally exposed.

Of note, SARS-CoV-2 infection in kidney transplant
recipients has not been associated with an increased risk of
rejection [41]; this is what we observed also in this cohort,
where only one patient showed worsening of pre-existing
humoral rejection during SARS-CoV-2 infection. No further
episodes were observed within 6 months from COVID-19
diagnosis in the remaining patients (data not shown). Inter-
estingly, this happened despite immunosuppression being
usually reduced during the acute phase of the disease. Our
finding of defects in both T-cell and B-cell compartments
during infection may provide, at least to some extent, an
explanation for that.

Our study supports the potential role of immunopheno-
typing and inflammatory cytokines as biomarkers of SARS-
CoV-2 infection. DCs and, to a lesser extent, NK cell counts
were depressed in COVID-19 patients, with no marked dif-
ferences among COVID-19 severity groups. On the other
hand, T and B lymphopenia was evident in the NegCOV
group, with cell counts in PosCOV patients similar to the
PC group. Reduced monocyte HLA-DR expression also
consistently correlated with disease severity, in line with
observations in the general population [28].

Longitudinal changes in the main lymphocyte popula-
tions and in monocyte HLA-DR expression showed a gen-
eral trend towards normalization over time, highlighting that
timing of testing is a key parameter to take into account
when interpreting immune features in this dynamic setting.
No significant differences in longitudinal trends between the
PosCOV and NegCOV groups were detected, although low
statistical power due to the small sample size constitutes a
significant limitation.

In keeping with previous reports [11, 42], plasma levels
of various pro-inflammatory cytokines (IL6, IFN-a), anti-
inflammatory mediators (IL10) and chemokines mediating
monocyte and neutrophil recruitment (CXCL10, CCL2,
CXCLS) were higher in the COV group compared to the
PC group. A trend for further increases was observed in
the NegCOV group, suggesting a possible prognostic role
for these mediators in renal patients during SARS-CoV-2
infection. Our results did not show a significant increase in
TNF-a levels in the COV groups as compared to the PCs.
This is in apparent contrast with previous reports in the gen-
eral population [11]. We may hypothesize that CNIs, which
are known to reduce TNF-a secretion [43], could explain, at
least in part, our findings.

Limitations of this study need to be acknowledged.
Although this is the largest study on the topic performed
so far in dialysis and kidney transplant patients, the sam-
ple size is still relatively small, especially when moving the
focus from the overall cohort to the different subgroups.
Furthermore, it has to be underlined that we have included

only patients who were followed during the first pandemic
wave; of note, at that stage tracking systems and diagnostic
tools were scarce and the clinical aspects of the disease still
largely unknown. We cannot rule out that these aspects may
have had a role, at least in a subset of patients, on the timing
of the diagnosis and therefore on disease severity. Moreover,
the study groups are heterogeneous under different aspects
that contribute to the shaping of the immune landscape,
such as gender, age, immunosuppression, dialysis vintage
and time since transplant.

We cannot exclude that these factors somehow con-
founded our findings, which will require validation in big-
ger cohorts.

The main strength of our work is that it is the first study
to address several immunological aspects of COVID-19 in
dialysis and kidney transplant in the same cohort, avoid-
ing uncertainties derived from comparisons across different
patient cohorts.

In conclusion, patients on dialysis or with kidney trans-
plant have profound baseline immunophenotypic altera-
tions that are further amplified by SARS-CoV-2 infection,
especially in the severe forms. Although dialysis and kidney
transplant patients are inherently heterogeneous groups, the
immunological abnormalities during COVID-19 are simi-
lar across the two cohorts, with the exception of more pro-
nounced defects in innate immunity and a dampened anti-
body response in kidney transplant recipients.
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